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A sensitive method for the
detection of immune complexes
in human gingival crevicular fluid

Turuer DWW, Pederson ED and Lamberts Bl: A sensitive method for the detection
of inunune complexes in human gingival erevicelar fluid. J Clin Periodontol 1992;

19: 601603

Abstract, An assay for immune complexes {1Cs] in gingival crevicular fluid [GCF) -

could be potentinlly useful to ascertain the risk of periodontal discasc activity
at specific oral sites. This paper describes an - ELISA-based methed sufficiently
sensitive to measure ICs in GCF samples at levels below 1 gg/ml. Static GCF
samples taken from 3 adults showed IC levels ranging from S to 166 pg/ml.
Additional tests of 10 GCF sumples from 1 adult were conducted with comple-
ment comnonents and indicated that either Clq or rabbit anti-human C3d was
suitable as a capture agent in the assay procedure. Further application of this
assay may help to assess the usefulness of I1C levels in GCF samples as possible
diagnostic indicators of periodontal discase activity.
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Several investigators hive examined the
possible rele of immunce complexes [1Cs)
in human periodontal discases (Gen-
co & Krygier 1972, Toto et al. 1978,
Clagett & Page 1978). The conclusion
from these carlier studies was that, in
gingivitis and chronic adult perio-
dontitis, deposits of ICs and comple-
ment are not major characteristics of the
pathogencsis of the discases (Genco &
Stots 1984).

Pecently, more refined histologic and

immunologic methodologies have been
developed along with commercially
available immunoreagents to various
putative inflammatory factors. Their
usc has shown that antigen-antibody-
complement complexes are localized in
dental periapical inflammatory lesions
(Johannessen ot al. 1983), More, re-
cently, immunoglobulins have been
demonstrated together with various ac-
tivated complement components within
and adjacent to vessel walls, indicating
that IC-mediated vasculitis is involved

_in the puathogenesis of inflammatory
“ periodontal lesions (Nikolopoulou-Pa-

paconstuantinou et al. 1987).

The objective of this study was to
develop a sensitive method for assaying
complement-fixing ICs, to determine
whether ICs could be detected in static
gingival crevicular fluid (GCF). The
presence of 1Cs in GCF might be due
to high IC levels in and adjacent to

periodontal tissues. Such IC levels could
reflect potential or active disease at spe-
cific sites.

Material and Methods

Patients at the Northwestern University
Dental School Clinic provided the GCF
samples used in this study. The patients
were categorized as demonstrating types
11 and I1I periodontitis according to the
Amcrican Dental Association classifi-
cation. The patients for the first part
of the study included two of type Il
(females, ages 39 and 46 years), and two
of type Il (one male, age 49, and one
female, age 47 years). 5 samples were
obtained from each patient, using ap-
parently healthy 2-4 mm probing-depth
periodontal sites for the type 11 subjects
and apparently discased 5~7 mm prob-
ing-depth sites for the type I1I subjects.
For the 2nd part of the study, 12
samples were obtained from 1 type 1
paticnt (female, age 48 years).

The GCF samples were collécted on
Periopaper® strips and fluid volumes
were estimated (0.034-1.600 gd) with a
Periotron 6000 (PRO FLOW, Inc., Am-
ityville, NY 11701). Each sample was
stored dry in a screw-cap vial at —~70°C
prior to assay. ICs were cluted from the
strip into a final volume of 300 u! by
the method of Ebersole (1984), modified
as follows: 50 ! of phosphate-buffercd

saline (Voller et al. 1976), pH 7.2, con-
taining 1% Triton X-100 and 0.02% so-
dium azide. was added to the strip in a
microcentrifuge tube, and, after S min,
the sample was centrifuged for | min at
500 x g. This step was repeated S times,
but with intervals of 10, 10, 18§, 20, and
30 min, respectively, after each sub-
sequent addition of ecluent. aind with
centrifugation in the final step at
2000 x g. '
The IC assay was adapted from the
ELISA system of Singh & Tingle (1982),
using heat-aggregated human IgG
(AHG) as standard. The assay involved
the binding of biotinylated anti-human
1gG to IC or AHG, immobilized by a
capture agent. 2 capture agents, Clq
and rabbit anti-human C3d, were exam-
ined. After avidin-conjugated alkaline
phosphatase was introduced as a label,
the substrate amplification system of
Carr et al. (1987) was employed to en-
hance the sensitivity of the procedure.
The assay was performed as follows:
The capture agent, Clq (Calbiochem)
or rabbit anti-human C3d (DAKO Im-
munoglobulins, Santa Barbara, CA),
wius bound to polystyrene plates by
overnight incubation at 4°C. The plates
were blocked by incubating with 1% bo-
vine serum albumin in phosphate-buf-
fered saline containing 0.05% Tween 20
(PBS-T), pH 7.2, at 37°C for 2 h, then
at 4°C overnight. After washing with
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PBS-T. plates were stored at - 70 °C un-
til used, PRS-T was used in ull of the
plate washings for the assay.

The samples and standards  were
added 1o each plate in 25-41 volumes,
usually i triplicate, and incubated at
A7°C for 60 min, After plate washing, 25
ot a 150,000 dilution of biotinylated
goat anti-human [gG (Zymed Labs, San
Francisco, CA) was added to each well
and the plate was incubated at 37 'C for
0 min. Afler plate washing, 28 g4l of a
1:24.002 dilution of avidin-conjugated
alkalite phosphutase (Zymed Labs) was
added te cach well, the plate was incu-
bated at 37 C for 40 min, and was again
washed.

The substrate amplification system of
Carr et al. (1987) was used to test for
alkaline phosphatase activity, as sum-
marized below,

(1) The primary substrate, 40 gl of
0.2 mM NADP (Sigma Chemical Co.,
St. Louis, MO) in 50 mM diethanolu-
raine buffer, pH 9.5, was added to cach
well and the plate incubated at 24 'C for
15 min,

(2) The secondary substrate, {10 gl
of a mixture of cthanol, alcohol de-
hydrogenase, diaphorase (2.1.-2.4 units/
ml). and p-iodonitrotetrazolium violet
(Sigmaj in 25 mM sodium phosphate
buffer, pH 7.2, was added to each well.
The plite was then read immediately on
a model 2550 spectrophotometric plate
reader (Biorad Laboratories, Rich-
mond, CA) at 492 nm.

IC levels were calculated as AHG
equivalents based on the standard curve
generated for each assay plate.

Resulis and Discussion

The inital assays. with Clq as capture
agent, were performed on GCF sumples
from the first group of four patients, as

Tuble 1. 1evels of immune complexes in GCH

shown in Table 1. These representutive
data demonstrated that the assay was
sufficiently  sensitive to measure  1C
levels in GCF samples,

Additional cxploratory tests  were
conducted using rabbit anti-human C3d
as capture agent in place of Clg. Table
2 presents comparative data on the use
of Clq and the anti-human C3d as cap-
ture agents for assays of [C levels in
GCF samples. Analysis of the data, ar-
ranged in ascending order of 1C levels
with use of the Clq, indicated a corre-
fution of 0.995 for the 2 methods
(p<0.001). Standard curves yielded lin-
car plots for both agents, with r=0.874
for Clq and r=0.995 for the anti-hu-
man C3d over the same ranges. These
findings indicate that comparable re-
sults can be obtained with the two
agents; however, the use of the anti-
human C3d would seem to be preferable
in view of its lower cost and greater
commercial availability.

Although the data of Table | showed
the mear. IC levels in GCF samples to
be higher in 5--7 mm probing-depth sites
from type IH subjects compared to 24
mim probing-depth sites from type II
subjects, the data on Table 2 from one
type HI subjects showed wide variations
of IC levels in rclation to probing
depths.

Aside from past work, cited earlier,
there is a paucity of data to suggest
that ICs exist in gingival tissues. The
detection of ICs in GCF may indicate
that (i) the complexes elute as a serous
exudate out of tissue after being formed,
{b) the complexes are transported out
ol tissue by cells that possibly lyse in the
GCF or (¢} 1gG antibodics and serum
complement components diffuse from
the tissues and form complexes in the
GCF with antigens relcased from
subgingival plaque. The last possibility

S samples from 2 type 11 and 2 type H1 subjects

24 mm probing-depth sites from type 1
subjects IC (ug/ml)

5 -7 mm probing-depth sites from type [
subjects IC {(ug/ml)

S 74

29 100

40 120

52 128

58 125

59 132

65 139

67 145

81 151

129 166
mean 58.5 mean 127.7
SD 328 SD 26.2

would seem to be most likely, since Lirge
quantities of bacteria and specific im-
munoglobulins exist in gingival pockets.

Low molecular-weight complement
fragments such as C3a could reenter the
tissue and stimulate mast cells to deg-
ranulate, thus increasing vascular per-
meability. Factor C3Sa, gencrated in
GCF, could be chemotactic for neutro-
phils located in the tissues, The mi-
gration of the cells through the tissucs
in response to chemotactic stimuli could
generate  an  inflammatory  response
when lysosomal enzymes are released
along the migratory route. Further-
more, 1Cs located in tissue or in GCF
could activate neutrophils via receptor-
ligand binding of the Fc portion of 1gG
to the neutrophil Fe receptor.

Although it can be presumed that this
assay detects soluble ICs in GCF, it
would appear likely that insoluble 1Cs
could also be detected. This aspect of
1Cs has not been examined in the pres-
ent study.

The elution method employed to re-
cover 1Cs from filter strips by the use of
PBS and 1% Triton X-100 was adopted
after several preliminary tests. IC recov-
ery rates from these tests were as fol-
lows: PBS alone, 70-75%: PBS and 1%
Tween 20, 80-85%; PBS and i Triton
X-100, 95--100%,.

The method we have described util-
izes minute quantities of samples and
reagents, and demonstrates a relatively
simple ELISA procedure for detecting
ICs. Large numbers of samples can be
processed rapidly. However, the signifi-

Tuble 2. Comparative IC levels in GCF
samples from 1 type HI subject measured by
use of Ciq and anti-human C3d as capture
agents

IC levels
Tooth  Probing (ng/ml)

Sample  no. depth Clg Cid

1 9 3 0% 0*
2 ¥ 3 0* 8
3 3 § a* 15
3 11 5 1 s
S 6 s 1 6
6 10 3 22 29
7 19 5 23 2R
8 7 3 8 42
9 20 7 49 46
10 14 5 103 103
1A 30 4 106 m
12 29 [ 112 113

mean 8.8 42.2
SD. 444 2209

* < pg/ml



cance of 1Cs in GCF in relation to
periodontai pathology has not been es-
tablished. Once this has been accom-
plished, the method could be applied
to obtain longitudinal data on a much
farger group of subjects. Such data
could determune whether 1C levels in
GCF would provide a significant par-
ameter in o profile to indicate active
pertodontal discases.
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Zusammeanfassung

Fine sensible Methode zum Nacinweis von Im-
munkomplexen im Zahnfleischsekret des Men-
schen. Eine kurze Mitteilung

Zur Ermittlung eventuell vorhandener paro-
dontaler Krankheitsaktivitdt in bestimmien
oraien Regionen, konnte ein Verfahren zum
Nachweis von Immunkomplexen (ICs=im-
mune complexes) im Zahnfleischsekret
(GCF =gingival crevicular fluid) positive
Mdglichkeiien eréffnen. In der vorliegenden
Verdffentlichung wird eine Methode be-
schrieben, die sich auf das ELISA-Verfahren
stiitzt. Die Empfindlichkeit dieser Methode
reicht aus, um in GCF-Abstrichen ICs regi-
stricren zu konnen, die unter 1 ug/mi liegen.
Bet statischen, an 5 Erwachsenen entnomme-

nen GCF-Stichproben. wurden zwischen §
und 166 pg/ml licgende IC-Niveaus regi-
striert. Dartber hinaus wurden 10, bei cinem
Erwachsenen entnommene Stichproben, mit
Komplement-Komponenten untersucht, by
reigte sich, daft sich hei diesem Nuchweisver-
fahren entweder Clg oder anti-humanes Ka-
ninchen C3d als caich-up Antikdrper cignete
Eine weitere Anwendung dieser Nachweisme-
thode kann zur Erkundung der Fragestellung
beitragen, ob 1C-Niveaus in GCF-Abstrichen
als denkbare diagnostische Indikatoren fir
die Aktivitiit parodontaler Krankheiten in-
frage kommen kinnen.

Résumé

Méthode sensible pour détecter les complexes
immuns dans fe fluide gingival humain

Une mesure des complexes immuns (1Cs)
dans le fluide gingival (GCF) pourrait possé-
der lc potentiel de servir a constater la présen-
ce d'un risque de parodontopathie active
dans des sites buccaux spécifiques. Le présent
article décrit une méthode basée sur TELISA
et suffisamment sensible pour mesurer dans
des échantillons de GCF les ICs i des niveaux
inféricurs a 1 pg/ml. Des échantillons stati-
ques de GCF recueillis chez 5 adultes met-
taient en évidence des niveau d'IC allant de
54166 ug/ml. Des tests supplémentaires ont
¢é1é& faits avec les ¢léments du complément
sur 10 échantiilons de CGF provenant d’un
adulte et indiquaicnt gqu'on pouvait utiliser
soit Clg soit le C3d anti-humain de lapin
comme agent de capturc dans cette méthode
de mesure, Lapplication ultérieure de cette
mesure peut contribuer a établir la valeur de
I'utilisation des niveaux d’IC dans les échan-
tillons de CGF comme indicateurs diagnosti-
ques de P'activité de la maladie parodontale.
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